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PACKAGING SYSTEM WITH OXYGEN SENSOR 



RELATED APPLICATION 
This application claims the benefit of U.S. Provisional Application No. 60/437,624, filed 
5 December 3 1 , 2002, incorporated herein in its entirety by reference. 

FIELD OF THE INVENTION 



The present invention relates to the field of packaging of sterile or oxygen-sensitive 
products, such as medical goWoo^n nd food products. More particularly, the present invention is 
10 directed to methods and gwk^^br packaging oxygen-sensitive items fw&j^a materialise^ 
visually indicates the presence of oxygen inside the packaging. 



BACKGROUND OF THE INVENTION 

In certain applications, such as pharmaceutical storage or food processing, it is desirable 

&H>/9to*n&*Cf- promote 
15 to package the product in a controlled atmosphere^) ensure freshness,^proper chemical activity, 

or to prevent microbial contamination. The controlled atmosphere can be an inert gas such as 

nitrogen or carbon dioxide, fmww^jit could §J9$ be aj$febe|^jas. In some applications, the 

controlled environment could |ele£[ be a vacuum. In tlj^e applications where a controlled 

atmosphere^is desirable, it may be beneficial to be able to determine that the desired j 

20 controlled atmosphererhas not been compromised. The presence of oxygen in a previously 

evacuated sample indicates^ atmospheric penetration has occurred and that the controlled 
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atmosphere has been compromised. Thus, oxygen detection is one method for determining if a 

CL 

controlled atmosphere has been br^fched. 

In the medical and food processing industries, it may be desirable to sterilizegi^ medical 

and food products after these products have been placed inside containers with controlled 
5 environments. The medical and food processing industries have sterilized some appropriate 

products with gamma radiation. Gamma radiation, which can be derived from Cobalt 60, is 

lethal to bacteria and other microorganisms due to the effect^the radiation has on living cells. In 

addition, gamma radiation can^fejjbe detrimental to some chemical systems and compositions. 

The dose or amount of radiation absorbed is typically measured in either Megarads or Kilograys, 
10 where 1 Megarad is equivalent to 10 Kilograys. In general, a 2.5 Megarad, or 25 Kilogray, dose 

of gamma radiation can be sufficient to kill most microorganisms. 

Gamma radiation is composed of high energy photons with wavelengths generally shorter 

than about 0.1 hm. Gamma radiation is emitted from atomic nuclei during radioactive decay and 

generally follows the ejection of beta rays from the nucleus. X-rays are similar to gamma rays in 
15 the sense that both are highly energetic and penetrating forms of radiation. However, gamma 

rays usually have shorter wavelengths than x-rays, and as a result^amma rays are slightly higher 

in energy than x-rays. 

As a result of the increased use of gamma radiation sterilization and packaging in 
controlled environments, there is a need for oxygeiraensitive materials that can be placed inside 
20 medical and food product containers which can detect the presence of oxygen after the container 
has been irradiated, and possibly sterilized, with gamma radiation. 
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Currently, there are several types of oxygen, and oxidation, sensors designed to be used 
in packaging applications. See, for example, U.S. Patent No. 4,526,752 to Perlman et al, U.S. 

Patent No. 5,096,813 to Krumhatf, U.S. Patent No. 6,399,387 to Stenhom et al., and U.S. Patent 

* *<~~~~ ~~' s 

No. 6,325,974 to Ahvenainen et al. However, none of these patents §^directed towan^oxygen— 

sensitive materials that are activated by radiation. Furthermore, the above-mentioned sensors are 



not suitable to form component parts for other devices. With the volume of medical devices and 
food products being produced, it would be desirable to provide an oxygen sensor that was easily 



stored in oxygen^ich environments and could be activated upon exposure to gamma radiation in 
the absence of oxygen. 



SUMMARY OF THE INVENTION 
In some embodiments, the present invention is directed toward a method andj ^pparatu^ 
/Tor providin^n oxygen^sensiti ve (oontain^ that is suitable for detecting the presence of oxygen 
inside the container after the container has been irradiated with radiation. In addition, at least 
15 some of the oxygens-sensitive jmatoriaj ^of the present invention can be incorporated into 
component parts for some other devices, such as medical devices. By using the oxygeiwensitive 
material as a component piece of a medical device, or other device, the device itself becomes an 
oxygen indicator, thereby removing any ambiguity regarding the contact of the device with the 
ambient atmosphere. Furthermore, some of the oxygen-sensitive materials of the present 



£7 



20 invention can be stored in oxygernich environmentsj^because they do not become "active" until 
the oxygen-sensor material has been exposed to radiation. In some embodiments, the oxygen— 
sensitive materials are activated in an oxygen-free environment. As used in this application, the 
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term "activated" or "active" means that the oxygen-ii^isitive material will undergo a visual 

change when exposed to oxygen. Thus, the present invention creates an effective storage§evieg^ 

for detecting the presence of oxygen, and ultimately for determining a failure in packaging, in 

applications involving radiation sterilization. 

5 In one embodiment of the present invention, a sealable container adapted to isolate the 

rl*W4>*f -Prom 

contents {of the oontaincr forr^ the ambient atmosphere is provided with an oxygei*4ensitive 
material located within the sealable container. The oxygen^sensitive material can be any material 
that undergoes a visual change when in contact with oxygen after the oxygeiHsensitive material^ 
[ or oompooitioa jhas been irradiated with gamma radiation in an oxygeiJfree environment. 
10 In another embodiment of the present invention, a medical device is provided that 

£ - HU&Ukl 

contains a structural element which is composed of an oxygeiwensitive polymeridpompocitioj. 
The oxygeiHsensitive polymeric ^ompooitio^ vill visually indicate if the medical device has been 

exposed to oxygen. Thus, in this embodiment of the present inventiomthe product, i.e., the 

J * 

medical devicejuand the oxygen-sensitive material (reela single unit. In a further embodiment of 

15 the present invention, a medical device comprising a polycarbonate jjompooitioiL is provided. 

The polycarbonate fe ompositio^ used in this embodiment of the present invention will visually 

if* **«fj«* pr*SMl~ 
indicate the presence of oxygen after being irradiated with gamma radiation! 

In a method according to the present invention, an oxygen-sensitive storagejeiwieejis 

produced by placing an oxygen^sensitive material inside a sealable container. The oxygen-^ 

20 sensitive material can be any material that undergoes a visual change with oxygen after the 

oxygeiwensitive materia ffir oompooitio ^has been irradiated with radiation. The atmospheric 

contents of the sealable container are then removed and the sealable container is sealed to isolate 
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the oxygen-sensitive material inside the sealable container. The sealable container is then 
irradiated with an effective amount of radiation so that the oxygen^sensitive material will 



undergo a visual change if the oxygeiwensitive material contacts oxygen. 



5 pifpM QftpiPfj _ BRIEF DESCRIPTION OF THE DRAWINGS 
— — jg^g^f/ e ^rt***pj*R*ct <*A<or4$« 9 -to th< ptes^iHVZufi'oH 

I FIG. 1 is a .perspective view of one embodiment of a storage | 3 e vioeAv here a container 

I 

s and an oxygen-sensitive material are provided and where structures within the container have 

| been made visible while hidden edges of the container are shown with phantom linesx j 
| FIG. 2 is a side view of an oxygen-sensitive material attached to a background material 

| 10 that enhances the visual change of the oxygeiwensitive material^ 

I FIG. 3 is a perspective view of one embodiment of gigistorage container of the present 

| inventionx^ 

7 

FIG. 4 is a^ktejview of a resealable container that can be used in the present invention^ 



FIG. 5 is ajategjview of a foil pouch showing|t^plastic coating that can be heated to seal 
15 the foil pouchy 

( FIG. 6 ioj btop gkgJtfSf two distal occlusion inflation devices (that oontaqj *a component 
piece compnsmg an oxygeiwensitive material, with thegigMj devic^having just been exposed to 
air and with thejJ^devic^having been exposed to air for one wee^ pe illuctrat^ the color 
change associated with an oxygen-sensitive material of the present invention * a/iW. 
20 (FIG. 7 io 3 ftop fiiew^two crimper devices that show a visual change associated with one 

embodiment of the present invention k-ozi Qkpot^t -fe> q^^cMe «wA 



orw£^ objects of the PfiesptJr jm^ehtioH AHt> mMy or the attehpb^t apmhta6B£ 

CF THB PfiESEHT JtiVErfriotf tVJU. BE flPpRE.G.i/)~TEl> AS TH£ SAME BE<>0/hE£ BETTER 

utiDERSTooP By REFERENCE 72? THE FbU*oit)/tJGr pETAJt-EP DES&P-JPT/C/J UStiEH CONSIDERED 
/A/ doHtfEeTlOtJ 10/TH THE /)eeom PAA>y//J6~ PfiAHJ/rt&S, /H MU/CH LJHE REFER£HC£ 
HUM ERA US DESJ&HATE UKE P ABTs TH Rou&Hq Ot THE Fi6vRES THEREOF /MP UfHESEfM : j 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In one embodiment of the present invention, ^|storage^evi^|is provided that comprises a 
sealable container adapted to isolate the contents of the sealable container from the ambient 
atmosphere. In this embodiment, an oxygen-^isitive material is located inside the sealable 



5 container. The oxygen-sensitive material can undergo a visual change upon contact with oxygen 

after the oxygeiw;ensitive material has been irradiated with radiation in the absence of oxygen. 

yf ■ 

In one embodiment, the visual change is a color change. In some embodiments^the sealable 
container can isolate a medical product from the ambient atmosphere, while in other 
embodiments the sealable container can isolate a food product. In one embodiment, the sealable 
10 container isolates a distal occlusion inflation device from the ambient atmosphere. In some 



embodiments, the oxygen— sensitive material comprises a polycarbonate material. In one 
embodiment, the polycarbonate material comprises Dow Calibre ^polycarbonate material. In 
some embodiments^ the sealable container is resealable, while in other embodiments the sealable 
container is not resealable. In some embodiments, the sealable container is substantially free of 
15 oxygen. In one embodiment, the sealable container is a foil pouch. 

In another embodiment of the present invention, a medical device comprising a structural 
element is provided. The structural element comprises an oxygeiwsensitive polymeric material 
that can visually indicate if the medical device has been exposed to oxygen. In one embodiment, 
the medical device is a distal occlusion inflation device. In some embodiments, the^polymeric 
20 material can visually indicate the presence of oxygen after the^polymeric material has been 
irradiated by an effective amount of radiation. In one embodiment, the oxygen-sensitive 

^ ■ ' ^ ' (fit) «■ k VW 

polymeric material comprises Dow Calibre™ 2081. In some embodiment^ the radiation is 
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/S 

gamma radiation, while in other embodiments the radiation|5ei^b^X-ray radiation. When the 

if \ TO 

oxygen-sensitive polymeric material comprises Dow Calibre 2081, an effective amoun^gamma 
radiation is from about 25 Kilograys to about 45 Kilograys. In some embodiments, the structural 
element is attached to a background material which enhances visibility of the visual indication of 
the presence of oxygen. 

In another embodiment, a storage ^evie^jcomprising a sealable container and an oxygen— 
sensitive material is provided. In this embodiment, the oxygen-sensitive material will not 
function as an oxygen detector until the oxygen-sensitive material has been activated. In some 
embodiments, the oxygen-sensitive material can be activated by irradiating the oxygen^endtive 



10 material with radiation in an oxygen-free environment. In one embodiment, the oxygei>sensitive 
material is activated by irradiating the material with gamma radiation. 

FIG. 1 showsyjone embodiment of ^storage govioo q %he present invention. As shown in 
FIG. 1, a sealable container lOli isolates a product lO^trom the ambient atmosphere 104. An 



oxygen^sensitive material 102^is located inside the sealable container. The oxygen^sensitive 

15 _ materia ^F - oompoaitioa ^ 102 can visually indicate the presence of oxygen inside the sealable 

container 101. In one embodiment, the visual indication of the presence of oxygen will be a 

change in color of the oxygen-sensitive materia^ The oxygen-sensitive material 102 of the 

present invention can be any material that will visually indicate the presence of oxygen after the 
^ — - chosen 
oxygen-sensitive material 102 has been irradiated by radiation. A suitablej gompooitioj ^br the 

20 oxygen-sensitive matenal 102 is a polycarbonate resin manufactured by Dow Chemical 

Company and sold under the {frado namjfr Calibre™ 2081. In one embodiment, when the oxygen— 

to if — I**- 

sensitive material 102 comprises Dow Calibre 2081, the oxygen-sensitive material^will visually 
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indicate the presence of oxygen after being irradiated with gamma radiation. A suitable amount 
of gamma radiation has been found to be from about 25 Kilograys to about 45 Kilograys Jg£ 
I In other embodiments, the radiation used can be X-ray radiation. 

' desu 



rec 



The oxygen-sensitive material 102^can be formed into any desirable shape for use in the 

e of tt 



present invention. In one embodiment, the shape of the oxygen-sensitive material is a 



tangular chip. As shown in FIG. 2, the oxygen-sensitive material lO^^can be ^p tionallyj 
attached to a background material 110 to enhance the visibility of the visual change of the 
oxygen-sensitive material 102. The background material can be composed of metal, plastic, 
paper^or any other suitable material that will enhance the visibility of the visual change. For 
10 example, a blue background material would make a yellow indicator appear green. Potential 
background materials could also have the word "exposed" written across the background 

material in a color such that upon contact with oxygen, the word "exposed" would become 

■ ; 1 HO 

visible7ln embodiments that employ a background material 1 10, the background materialman be 

attached to the oxygeiraensitive material 102 through the use of generally known adhesives or 
1 5 mechanical fasteners. 

4S she*** t*)t*s^ni*i1iv*>iy tot *n F/<k. / 
The sealable container of the present inventionican be composed of any substance 

th<it A 

that will transmit radiation andy^s impermeable to gas, especially oxygen. Examples of suitable 

- „ — 

materials for the container are metals, glass, gas -impermeable plastics, gas-impermeable 

thermosets and rubbers, and gawmpermeable foil pouches. In one embodiment, th^foil pouch(&. 

20 -^nulti-layer fail paokag^ jcomprising a silicone oxide treated PET layer, a foil layer, a jbioxilal ig^ *J 

oriented nylon layer.and a polyethylene layer. The gas-impermeable plastic containers of the 

present invention can be either rigid or flexible. Suitable plastic materialsjinclude, but are not 

As potter ofHot^ -tte. £>xtf<f*H-Se.**siri"%. **i<fe*hl k^. 
df^y\<fz<4 ~h> -G>*t*\ af- {exst o*t*\. symbo/ r fA'Cf~ assist* /*% 
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limited to, gas -impermeable polyethylenes, polystyrenes, polycarbonates, nylons and 

-for tk< s**fcbt* c&nfaii+G/x r 

polyethylene terephthalates. Potential thermoset and rubber materials^include gas^mpermeable 

phenol fonnaldehydes, urea formaldehydes, natural rubbers and nitrile rubbers. 

As shown in FIG. 3, one^embodiment of the sealable container lOl^is a gas^mpermeable 

5 foil pouch 105 with a protective cardboard packaging 106. [Tho ooalablo container 101 can bo 

<*noM*i* com/*'*/*? 

f ecealable or it oon be a co a tainor that oannot be r cscalcd j FIG. 4 shows ^H^example§^ ^ 
resealable pouch 1 12 with closure means 1 14 on at least one end of the resealable pouch 1 12 that 
permits the resealable pouch 112 to be optionally resealed. jlhe sealable container 101 §f the- \ 
proccnt invontionj ^an be sealed by any conventional means known to be used in the packaging 
10/ industries including thermajj adhesiv^ or airtight mechanical closures such as caps or lid^ j <t*4 

When the sealable container §if is a gas-impeimeable foil pouch 105, a heat sealer can be used ~ s 

to heat plastic coatings located on the inside top and bottom of the foil pouch. FIG. 5 shows one 
embodiment of foil pouch 105 with plastic coatings jw^located on the inside top and bottom of 
the foil pouch 105. {This heating eau^ uj ^ the plastic coatings on the top and bottom to flow 
15 together and seal the foil pouch 105. 

The product £©2(pontained within the sealable container 101 can be any product in which 
a controlled oxygen-free environment is desirable or necessary. Suitable products for the present 
invention include, but are not limited to, medical devices, pharmaceuticals^and food products, jit* 
one - embodiment o f tho pro nnn t invrntion, the produotj^^ooi^inod in the cealablo container 
20 - 401 is a di3tal occlusion inflation dovioo^ 

In ^nothQ^ embodiment, a storage gwi^j^s provided that comprises a sealable container 

{«h] and an oxygem«ensitive material [?©§. In this embodiment, the oxygen-sensitive material 
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ge^will not function as an oxygen indicator until the oxygen-sensitive material /Wjijhas been 

by 

activated. One method of activating the oxygen-sensitive material ^^is^irradiating the material 

[with radiatioj i In some embodiments, suitable forms of radiation for activating the oxygen-^ 

sensitive material [5^ include gamma radiation and x-ray radiation. In one embodiment, the 

5 oxygenSensitive material jHfcjcomprises Dow Calibre™ 2081 polycarbonate resin. When the 

oxygen-sensitive material gpS^comprises Dow Calibre™ 2081, a dose of gamma radiation from 

about 25 Kilograys to about 45 Kilograys gf radiation} will activate the material. While not 

wanting to be limited to a particular theory, it is believed that the oxygeifeei^itive ^roportio3tof 

the Dow Calibre imaterial is likely due to the dye used to color the§lasti§tor the stabilizers used 

10 to protect thejgiasti^jjfrom degradation. 

In another embodiment of the present invention, a medical devic^contains a component 

FX?S. 6q <SJ) stou) 
piece that is composed of an oxygen-6ensitive polymeric material. |FIG. 6 ohow j ^ one possible 

embodiment where a traiUDug|jmedical device 107 has a component piece that is composed of 

an oxygen-sensitive polymeric material. The | CuardDo^ fl07 is a distal occlusion inflation 

15 devic^vhich uses CO*as the inflation mediun^Ivhich generally comprises a main body 108 and 
a crimper device 109. In this embodiment,j^he crimper device 109 and the main body 108 are 
composed of an oxygerwensitive polymeric material. One reason for using an oxygennBaasitive 
|jndioatqi| ^aterial in this application is because the inflation medium needs to be relatively free 
from oxygen in order to prevent the release of oxygen or ambient air into the blood stream in the 

20 event that the distal occlusion inflation device would burst^thereby causing a potential embolism. 
By using CO^ as the inflation medium, the inflation gas can be easily absorbed into the blood 
stream in the event that the inflation device fails. The oxygen-sensitive fcndicnft^pntfrial 
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permits the operator to confirm that the gas within the device that will be used to inflate the 
inflation device does not include any significant amount of oxygen prior to the use of the device. 

In one embodiment, the oxygen-sensitive polymeric material is composed of Dow 
Calibre™ 2081 polycarbonate resin. When a medical device with an oxygeiM^bnsitive polymeric 
5 component piece comprising^rfjDow Calibre™ 2081 is irradiated with gamma radiation, in the 
absence of oxygen, the oxygen4ensitive material becomes activated and will undergo a visual 
change if oxygen contacts the material. In one embodiment, the visual change, or indication, is a 
color change. It has been found that from about 25 Kilograys to about 45 Kilograys of gamma 
radiation will activate Dow Calibre™ 208 1 . 
10 An example of the visual change, which indicates the presence of oxygen, associated 

with this embodiment ofrpresent invention can be seen in ^fGr^Lby comparing the color of the^ 
crimper device lO ffiip tho loft of tho Figuf^ with the color of th^crimper device 109 |a the right 
of th^ ffigurj The elapsed time, after exposure to oxygen, before a visible change can be /^^^ 
detected is generally 1-8 hours, preferably 1-2 hours. As shown in FIG. 6, when a component 
15 piece of a medical device is composed of an oxygen-sensitive polymeric material, the device 
itself becomes an oxygen indicator, and any ambiguity about whether the device has been 
exposed to oxygen is removed. 

The method for producing the storage gevie^of the present invention involves placing an 



oxygen-sensitive material 102, for example, Dow Calibre 2081 polycarbonate resin, inside a 
20 gas-impermeable sealable container 101. In some embodiments, a product 103, such as, for 
example, a medical Jiwkgjpr food product, will also be placed into the sealable container 101. 

A r., /or f 

In one embodiment, the sealable container is a foil pouclj^ As discussed above, the oxygen— 
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toz 

sensitive material jfe^can be any material that visually indicates the presence of oxygen after 
exposure to radiation. As discussed above, the oxygeiv-sensitive material 102 can comprise a 
polycarbonate resin. Furthermore, the oxygeiwensitive materially be formed into any desired 
shape or size depending upon the application. 
5 Before being placed inside the sealable container, the oxygeih-sensitive materiaL^gfiS^ 

optionallyjbe attached to a background material 110 to enhance the visibility of the visual 
change. In addition, the oxygen-sensitive materialist©?}, and the optional background material 
110, can be either fixed inside the container or can be freemoving inside the container. By fixed 
inside the sealable container 101, it is meant that the oxygen-sensitive material 102 is directly 

10 attached to the inside of the sealable container 101. In embodiments where the oxygen4ensitive 
material is fixed inside the sealable container 101, any conventional method of attachment, 
including adhesives and mechanical fasteners, may be used that^pot interfere with the function 
of the oxygen-sensitive material 102. Conversely, th^jghfes^ "free-moving" is intended to 
describe embodiments of the present invention where the oxygen-sensitive material 102 is not 

15 attached directly to the inside of the sealable container 101. 

The atmospheric contents of the sealable container 101 are then removed by either 
vacuum or by purging the sealable container 101 withj^inert gas such as nitrogen, carbon 
dioxide, argon or helium. In one embodiment, a vacuum is used to remove the atmospheric 
contents because a higher percent of oxygen, or atmospheric gas, can be removed in a shorter 

20 period of time as compared to purging. If the atmospheric contents of the container are removed 
by a vacuum, the sealable container 101 may be subsequently filled with an inert gas. In some 
embodiments, the ability of the oxygeiHsensitive materials 102 to visually indicate the presence 
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of oxygen is not dependent upon the choice of inert gas used as the controlled environment. 



Furthermore, the oxygen-sensitive materials 102 of the present invention can also function in 
applications where the controlled environment is a vacuum. 

Once the atmospheric contents have been removed from the sealable container 101, the 

5 sealable container 101 will be substantiallyjp-ee of oxygen. As described above, the sealable 
container 101 can be filled with a substantially oxygen-free gas. The substantially oxygen-free 
gas can be nitrogen, helium, argon, carbon dioxide or some other inert gas. In some 
embodiments, the sealable container 101 is not filled with a substantially oxygen-free gas, and in 
those embodiments the controlled inert environment is a vacuum. The sealable container 101 is 

10 then sealed to isolate the oxygen-sensitive material 102 from the ambient atmosphere. As noted 
above, the sealable container 101 may be sealed by any conventional means known in the 
packaging industry including, but not limited to, thermal, adhesive or mechanical closures. In 
embodiments where the sealable container is a foil pouch 105, a heat press can be used to 
seal the foil pouch. The choice of sealing means will generally be determined by the particular 

15 choice of container being employed in a specific application. 

The sealed container, including any contents or products contained within the sealed 
container, can then be irradiated with an effective amount of radiation to activate the oxygen- 
sensitive material 102. As discussed above, the sealable container can isolate foodf medical 
^e\dcef^harmaceutica|pr other products from the ambient atmosphere. In some embodiments, 

20 the radiation used to activate the oxygen-sensitive material 102 is gamma radiation. In other 

embodiments of the present invention, the radiation used to activate the oxygen-sensitive 

£~ — 

material is X-ray radiation. In one embodiment, where the oxygen-sensitive material comprises 
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TM |T~ 

Dow Calibre 2081, an effective amount of gamma radiation to activate the oxygen-sensitive 
material has been found to be from about 25 Kilograys to about 45 Kilograys fefradiatioj? 

In the embodiment of the present invention where the oxygenSensitive material 102 is 



Dow Calibre 2081, the gamma radiation can visually change the oxygen^sensitive material 102 

5 from a purple color to a yellow%*ay color. In this embodiment, once this color change has 

occurred^ the oxygen-sensitive material 102 has been activated. Once activated, the Dow 

Calibre™ 2081 material will undergo a visual color change when exposed to oxygen. Prior to 

being activated, some of the oxygen-sensitive materials 102 of the present invention will not 

undergo a visual change when exposed to oxygen. As a result, some of the unmotivated oxygen— 

10 sensitive materials of the present invention can be handled and stored in oxygen— rich 

environments. This feature of the oxygen-sensitive materials of the present invention facilitates 

easier storage and processing of the sensor materials as compared to other chemical oxygen 
FfSS, 7q <**<* 76 shout 

indicators. ^f€ f ^laiy^ pne example of a visual change associated with one embodiment of the 
present invention iwhere the oxygen-sensitive material comprises fi^Dow Calibre™ 2081. The 

15 a device £n tho loft oido ofl FIG^mas been exposed to oxygen for 1 week, while theidevice^n the 

right side gS FIG^tias just been removed from a substantially oxygen-free environment. 7^ ffipptin* 

The embodiments are intended to be illustrative and not limiting. Additional 
embodiments are within the claims. Although the present invention has been described with 
reference to particular embodiments, workers skilled in the art will recognize that changes may 

20 be made in form and detail without departing from the spirit and the scope of the invention. 
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£eJpk WEteo/ M&Ttoll U»TH0UT t>£PAR-ntJ6r Ffiom THE APPA/?E*-r 

A WHAT IS CLAJMEEjT ^ 

1 1. A method for providing[ gn oxygon ■ oonoitivo containor ^hat indicates the presence of 

2 oxygen [inside tho oontninor, tho method} comprising: 

3 a. placing an oxygen-sensitive material inside a sealable container; 

4 evacuating air from the sealable container and sealing the sealable container to 

f M 

5 isolate the oxygeiwensitive material from oxygen; and, 

6 irradiating the sealable container with an effective amount of radiation to activate 

7 the oxygen-sensitive material such that the oxygen-sensitive materiahundergoga visual 

8 change in the presence of oxygen after the oxygen-sensitive material has been irradiated, 

9 the visual change providing an indication of the presence of oxygen inside the sealable 
10 container. 



1 2. The method of claim 1 , wherein the step of evacuating the air from the sealable container 

2 is performed in a vacuum. 

1 3. The method of claim 1 , wherein the step of evacuating the air from the sealable container 

2 is performed in a non-oxygen gaseous environment. 

1 4. The method of claim 1, wherein the step of irradiating the sealable containergte^gamma 

2 radiation to activate the oxygen-sensitive material and to sterilize the sealable container and any 

3 contents thereof. 
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f~' 

1 5. The method of claim 1, wherein the oxygen-sensitive material is a plastic material 

2 comprising a portion of a medical devic^anc^the sealable container is a sterile medical container, 

x — 

3 and wherein the step of placing the oxygen-sensitive material inside the sealable container is 

4 accomplished by placing the medical device inside the sterile medical container such that the 

5 medical device undergoes no visual change until the sterile medical container is opened as long 

/s* 

6 as no significant amount^ of oxygen Jja^present in the sterile medical container prior to the 

7 sterile medical container being opened. 



1 6. The method of claim 1, wherein the visual change of the oxygen-sensitive material 

2 indicates a failure of the sealable container. 



1 7. The method of claim 1 , wherein the visual change of the oxygea-sensitive material occurs 

2 within 8 hoursfejj^xposure to a significant amount of oxygen. 



4' ; 

1 8. The method of claim 7, wherein the visual change of the oxygen-sensitive material occurs 

2 within 1-2 hours^^xposure to the significant amount of oxygen. 



1 9. ^Vpporat^ br indicating the presence of oxygen comprising: 



2 a. a sealable container that isolates contents of the^ container from ambient 

3 atmosphere when sealed; and j 

4 6„ an oxygen-sensitive material located within the sealable container, the oxygen— 

5 sensitive material being a material that undergoes a visual change when in contact with 
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4 

6 oxygen once the oxygen-sensitive material has been irradiated after the sealable container 

7 has been sealed to activate the oxygeiwensitive material. 

1 10. The fgpparatul^ f claim 9, wherein the oxygen-sensitive material comprises at least a 

2 portion of a medical device located within the sealable container such that the medical device 

3 itself is an oxygen indicator. 

1 11. The j |apparatu ^pf claim 9, wherein the oxygen*sensitive material comprises a piece of 

2 ^material fixed inside the sealable container and separate from any other contents of the sealable 

3 container. 



1 



12. The [apparatas j^f claim 9, wherein the visual change of the oxygen-sensitive material 



2 indicates a failure of the sealable container. 

1 13. The |yparatu i|pf claim 9, wherein the oxygeiMensitive material is an oxygen*6ensitive 

2 polymeric composition. 

1 14. The ( g pparatui^ f claim 13, wherein the oxygen-sensitive polymeric composition is a 

2 polycarbonate composition activated by an effective amount of gamma radiation. 

1 15. The ^poiatu^ )f claim 14, wherein the effective amount of gamma radiation is feotw e eg jj ^ 

2 about 25 Kilograys t<^45 Kilograys. 
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1 16. The lapparatui jEof claim 9, wherein the sealable container comprises: 



l 



2 A a gas-impermeable foil pouch; andj 

3 ^ - a cardboard protective packaging for the foil pouch. 

1 17. The japporatii^ pf claim 16, wherein the gas^mpermeable foil pouch is a multi-layerjfcnj 

2 package comprising: 

3 a - a silicone oxide treated PET layer; 

4 a foil layer; 

5 c . a jbioxilalj ^riented nylon layer; and^ 

6 a polyethylene layer. 

1 18. ThegpparatuSof claim 9, wherein the oxygen-sensitive material is formed as a generally 

2 planar chip ofymaterial and is operably positioned adjacent^ a backing material such that a 

3 combination of the backing material and the planar chip ojjpnaterial increas^ffective visibility 



4 of the visual change inthe oxygen-sensitive material over visibility of visual change of the 

5 oxygeiMsensitive material alone. 

1 19. The ^pomtuj ^pf claim 9, wherein the oxygen-sensitive material undergoes the ^sibQ^ 

2 change withmj jeao than jfc hours after exposure to a significant amount of oxygen. 



20. The jyparatu^ pf claim 19, wherein the oxygen^sensitive material undergoes thetywtWg^ 
2 change within 1-2 hours after exposure to^significant amount of oxygen. 
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21. The^ pp a rat^ iof claim 9, wherein the contents of the^ontainer include contents selected 

1 flfosrmcicjzttlh'c*/ and 

from the set consisting o$( a medical device, a^u^ a food product,fe|any combination thereof. 

22. The gjpparatuT pf claim 9, wherein the oxygen-6ensitive material is arranged to form at 
least one symbol that assists in interpreting the^sibl^hange of the oxygen4sensitive material. 
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ABSTRACT OF THE DISCLOSURE 
fhn oxygon oonoitivo oontainor indicatc^ he presence of oxygen f maide - of tin seulabl » 
eontaine^. An oxygei^sensitive material is placed inside a sealable container. Air is evacuated 



from the sealable container and the sealable container is sealed to isolate the oxygen-6ensitive 
material from oxygen. The sealable container is then irradiated with an effective amount of 



5 radiation to activate the oxygen-sensitive material such that the oxygen-sensitive material 
MH-u undergo^a visual change in the presence of oxygen after the oxygennbensitive material has been 
irradiated. The visual change provides an indication of the presence of oxygen inside the 
sealable container. 
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